The microbiota of the small intestine is poorly known because of difficulties in sampling. In this study, we examined whether the organisms cultured from the jejunum and feces resemble each other. Small-intestinal fluid samples were collected from 22 beagle dogs with a permanent jejunal fistula in parallel with fecal samples. In addition, corresponding samples from seven of the dogs were collected during a 4-week period (days 4, 10, 14, and 28) to examine the stability of the microbiota. In the jejunal samples, aerobic/facultative and anaerobic bacteria were equally represented, whereas anaerobes dominated in the fecal samples. Despite lower numbers of bacteria in the jejunum (range, 10 2 to 10 6 CFU/g) than in feces (range, 10 8 to 10 11 CFU/g), some microbial groups were more prevalent in the small intestine: staphylococci, 64% versus 36%; nonfermentative gramnegative rods, 27% versus 9%; and yeasts, 27% versus 5%, respectively. In contrast, part of the fecal dominant microbiota (bile-resistant Bacteroides spp., Clostridium hiranonis-like organisms, and lactobacilli) was practically absent in the jejunum. Many species were seldom isolated simultaneously from both sample types, regardless of their overall prevalence. In conclusion, the small intestine contains a few bacterial species at a time with vastly fluctuating counts, opposite to the results obtained for the colon, where the major bacterial groups remain relatively constant over time. Qualitative and quantitative differences between the corresponding jejunal and fecal samples indicate the inability of fecal samples to represent the microbiotas present in the upper gut.
Although the intestinal microbiota is known to be of crucial importance to health, the significance of the relatively sparse microbiota in the small intestine has not been clarified due to major difficulties in investigating the intestinal microbiota in its natural habitat. Instead, fecal samples are widely used because of their easy accessibility. However, the microbiota present in feces does not necessarily reflect the specific features of that in the upper gastrointestinal tract, and different species may dominate in different parts of the gut (20, 36) . Moreover, it is often difficult to characterize the bacterial diversity in fecal samples because of the poor or too high selectivity of selective agar media (13, 24) , and the overgrowth of dominant flora can make it hard to identify predominant species, other than fecal ones. In contrast to the luminal microbiota of the colon, small-intestinal fluid seems to harbor a different microbial population, i.e., the ratios of aerobes and anaerobes, gram-negative and gram-positive bacteria, and total bacterial counts vary between these anatomical sites (7, 9, 16) . There are also time-related and local variations in the composition and distribution of the microbiota in the upper gut (16, 20, 28) . These characteristics have so far not been fully described, particularly because of the unavailability of suitable samples, obtained without anesthesia from living subjects, and the laborious nature of the analysis. The small intestine has been thought to have fewer species both in transit and attached to epithelia than to the distal colon (11) . Still, very few studies have analyzed the small-intestinal microbiota of healthy subjects at species level, and hardly any data are thus available.
Recently, a dog fistula model was designed for an easy and painless access to jejunal chyme without disturbing the normal functions of the gut (12) . The aim of the present study was to examine the similarity or dissimilarity of the microbial findings in small-intestinal fluid (jejunal chyme) and feces collected from 22 beagle dogs with such a fistula. In addition, the stability of the microbiota in the two sample types was followed in part of the dogs during a 4-week period.
(This work was presented in part at the 3rd World Congress on Anaerobic Bacteria and Infections, Glasgow, Scotland, May 2003, poster 6.026.)
MATERIALS AND METHODS
Study subjects and specimens. Jejunal chyme and fecal samples were obtained from 22 healthy male laboratory beagle dogs (age, 1 to 3 years; body weight, 12 to 19 kg) with a permanent jejunal fistula (nipple valve) (12) . The dogs were fed twice a day with commercial canned dog food (Pedigree, Waltham; Masterfoods, Helsinki, Finland). Additionally, four consecutive samples, collected at days 4, 10, 14, and 28, were obtained from seven of the dogs (the samples at day 14 were not available from two dogs). The experimental protocol was approved by the local ethics committee for animal experiment action in Helsinki, Finland, and was conducted according to the valid guidelines (www.hmso.gov.uk). The jejunal chyme samples were collected shortly after feeding (within 1.5 h), and fecal samples were collected shortly after defecation (within 1 h). Samples were immediately frozen as such at Ϫ70°C in compact tubes with no extra airspace and later quantitatively cultured in parallel per dog. The exposure time to air was minimized throughout the procedure with careful planning and preparations, including the use of prereduced dilution broth and agar plates kept under anaerobic conditions 18 h prior to their use. The small-intestine fluid and feces were thawed and homogenized, pH was measured (Benchtop 420 pH Meter, Orion), and the sample consistency, color, and odor were recorded.
Culture. The homogenates were serially diluted (10 Ϫ1 to 10 Ϫ7 ) in prereduced peptone-yeast extract broth at pH 7.0. Aliquots of 10 l or 100 l of the homogenates or appropriate dilutions were plated onto several nonselective and selective agar media and incubated at 35°C as appropriate (Table 1) . A total of 33 agar plates were used for each fecal sample and 27 plates were used for each jejunal sample. Anaerobiosis was induced in anaerobic jars filled by the evacuation-replacement technique (Anoxomat WS8000; Mart B.V., Lichtenvoorde, The Netherlands) with a gas mixture (90% N 2 , 5% CO 2 , and 5% H 2 ). NEYA and CCFA, the selective agars for clostridia, were plated both immediately and after 30-min alcohol shock for spore selection (15) .
Microbial identification. The total counts and main groups of aerobic/facultative and anaerobic bacteria and yeasts were enumerated (detection limit, 10 2 CFU/g). To find all colonial morphotypes grown under the three different incubation conditions, a representative of each distinct colony type was recorded with a stereomicroscope, then isolated, and identified by established methods, including aerotolerance testing (blood agar in O 2 and chocolate agar in CO for 5 days), gram staining, spot and screening tests (catalase, indole, nitrate, oxidase, lecithinase, and lipase), special antimicrobial potency disk patterns (vancomycin, kanamycin, colistin, sodium polyanethol sulfonate, penicillin, and oxgall), carbohydrate fermentation tests (prereduced anaerobically sterilized biochemicals), enzyme detection (diagnostic tablets; Rosco Diagnostica, Taastrup, Denmark), commercial test kits (Api system; bioMérieux, Marcy l'Etoile, France), and metabolic end product analysis by gas-liquid chromatography after peptone-yeast extract glucose broth culture (15, 22) .
The presence of Clostridium difficile common antigen and toxin A in feces was determined with a commercial kit (Triage C. difficile Panel; Biosite, San Diego, CA) according to the manufacturer's instructions. For unclassified clostridia resembling C. difficile, genes encoding 16S rRNA were amplified and sequenced with the primers fD1 Mod and 533r by the method of Jalava et al. (14) and compared to the GenBank database.
Statistics. Statistical analyses were performed using the SPSS 11.5 (SPSS, Chicago, IL, USA) and Epi Info 6 Statcalc (CDC, Atlanta, GAA) software for Windows. The pH values of the samples and number of isolates in the two sample types were compared by the paired-sample t test, and frequencies of different bacteria were compatred by Statcalc single-table tests. The differences between the bacterial counts were assessed by the Wilcoxon signed-rank test (nonparametric). A P value of Ͻ0.05 was considered statistically significant.
RESULTS

General features.
All jejunal samples were culture positive. The odor of the samples was mild and sometimes slightly sweet. A marked variation in viscosity, texture, and color was recorded in jejunal fluid, but differences in the visible features could not be connected to the culture results. The pH values varied very little within a sample category and were slightly higher in the jejunal samples than in the fecal samples: the pH in the jejunal samples was 6.8 g (range 6.4 to 7.5 g) versus a mean pH in the fecal samples of 6.6 (range, 6.1 to 7.4) (difference not significant).
Total bacterial counts. The total bacterial counts in jejunal chyme were significantly lower (P Ͻ 0.001) than the counts in feces: median, 4 ϫ 10 4 (range, 10 2 to 10 6 ) versus a median count of 3 ϫ 10 10 (range, 10 8 to 10 11 ) CFU/g (wet weight), respectively. All growth in the jejunal samples was recorded and identified, while only bacterial morphotypes from dilutions of Ͼ10 5 to 10 6 were isolated from the fecal samples. The mean number of bacterial genera per species per sample isolated from the jejunum was significantly lower (P Ͻ 0.001) than that from feces: 7 (range, 1 to 11) versus 12 (range, 9 to 16), respectively. The anaerobe/aerobe ratio varied considerably both within and especially between the jejunal and fecal samples. In jejunal chyme, median anaerobic and aerobic growth was almost equally represented: 1 ϫ 10 4 (range, 10 2 to 10 6 ) versus 7 ϫ 10 3 (range, 10 2 to 10 6 ) CFU/g (difference not significant), respectively. In feces, anaerobic bacteria dominated over aerobic/facultative bacteria as follows: a median value of 3 ϫ 10 10 (range, 10 8 to 10 11 ) versus 2 ϫ 10 9 (range, 10 6 to 10 10 ) CFU/g (P ϭ 0.010), respectively. Anaerobes covered a significantly lower proportion of the total jejunal bacterial concentration than their proportions in feces: 48% (range, 0.2 to 99.98%) versus 79% (range, 4.8 to 99.98%) (P ϭ 0.004), respectively. Anaerobic species were consistently found in higher concentrations than aerobes in 54% of the jejunal samples and in 86% of the fecal samples. In the jejunal samples, the dominant aerobic/facultative bacterial group varied, while the abundant aerobic growth in feces comprised mostly streptococci. Those dogs that harbored high aerobic fecal counts had notably high aerobic counts in jejunal chyme as well.
Microbiota in jejunal chyme versus feces. Figure 1 presents the overall prevalence of microbial groups and Table 2 shows the prevalence and mean counts of different anaerobic and aerobic bacteria and yeasts isolated from jejunal chyme and feces. The proportions of different bacteria of the total cultivable microbiota differed significantly between the jejunal and (Fig. 2) . In general, the high prevalence reflected the high proportion of the total count. The exceptions to this were aerobic gram-positive rods and bile-resistant Bacteroides spp., which were prevalent in feces but present at relatively low levels, and clostridia, which were the organisms most commonly found in the jejunum but comprised only 9% of the total jejunal count. On the other hand, coliforms and streptococci were present in 18% and 36% of the jejunal samples, respectively, but then covered 5% and 8% of the total jejunal count. Several bacterial groups or species with an equal overall prevalence in the jejunal and fecal samples were seldom isolated simultaneously in the corresponding samples. Of the bacteria found in the jejunum, 25% were not detected in the corresponding fecal sample, nor were 45% of the fecal findings in the jejunum. Moreover, staphylococci, other catalase-producing cocci, nonfermentative gram-negative aerobic/facultative rods (other than coliforms), and yeasts were more frequent in jejunal chyme than in feces as part of the predominant flora, and some typically oropharyngeal species in the jejunal samples (neisseria and micrococci) were undetected in feces.
A group of unclassified clostridia, Clostridium hiranonis-like organisms, was rare in the jejunum but common in feces and present in 5% versus 82% of the samples (P Ͻ 0.001), respectively. These strains resembled C. difficile biochemically, i.e., they grew on CCFA agar medium, hydrolyzed proline, lacked the typical pungent odor of C. difficile, produced no or only traces of butyric and isocapronic acid, and remained unidentified and toxin negative by Triage C. difficile Panel (Biosite, Inc.). The amplified 16S rRNA sequence was 99% identical to C. hiranonis, but in contrast to C. hiranonis, the strains hydrolyzed gelatine and alkaline phosphatase and utilized mannitol. Bile-resistant Bacteroides spp., which were among the predominant bacterial findings in feces, were less frequent in jejunal chyme (Table 3 ). In the dogs positive for Bacteroides fragilis group organisms, Bacteroides fragilis was the dominant species in the jejunum, found in 8 of 9 (89%) dogs, whereas in feces B. fragilis was found in 9 of 21 (43%) dogs (P ϭ 0.020), and Bacteroides vulgatus had the highest prevalence, found in 11 of 21 dogs (52%). Coliforms, which were present in all fecal samples, were isolated from only 18% of the jejunal samples ( Table 2) . Of the 166 fecal coliform isolates, 162 (98%) were identified as Escherichia coli, whereas among the nine jejunal isolates, six (67%) were identified as Citrobacter sp., two (22%) were identified as E. coli, and one (11%) was identified as Enterobacter aerogenes. In five dogs, the species with the highest counts were the same in the corresponding jejunal and fecal samples, whether anaerobic gram-positive cocci, Clostridium perfringens, or streptococci. The dominant species isolated from jejunal chyme varied between the dogs, since none of the bacterial groups dominated more often than any other, whereas those from feces were similar between the dogs (anaerobic gram-positive cocci or facultative streptococci dominated in 15 of 22 dogs). Although the bacterial composition of the jejunal samples varied from dog to dog, there was a coherence in the species variety, since only 3 of the 154 jejunal findings were isolated just once (anaerobic lactobacilli, C. hiranonis-like organism, or aerobic gram-negative cocci). Stability. Out of the seven dogs with five consecutive samples collected during a 4-week period, two dogs repeatedly had a low proportion of aerobes/facultatives in every jejunal and fecal sample, and one dog had a high proportion of these organisms in every jejunal sample. In the four remaining dogs, the proportion of aerobes of the total count fluctuated widely between different sampling occasions (jejunal chyme, Ͻ0.1 to 98%; feces, 0.1 to 78%). All seven dogs were negative for yeasts at day 0, but two dogs later harbored yeasts in two samples, and one dog had yeast in one sample.
After a positive finding at baseline (day 0), the same species was repeatedly found in 42% of the consecutive jejunal samples and in 60% of the consecutive fecal samples of the same dog. The composition of the jejunal microbiota was less stable than the fecal microbiota; in jejunal samples, the predominant species varied between the dogs and remained seldom the same throughout the study. Figure 3 presents the shifts in the counts of the predominant findings in the jejunal and fecal samples in three selected dogs during the 28-day follow-up.
DISCUSSION
This is the first study where microbial differences between the canine small-intestinal fluid and feces have been described in detail. The culture-based analysis of the whole jejunal microbiota in parallel with the corresponding fecal culture revealed considerable differences in the relative quantities of predominant bacterial groups in the corresponding samples. In this homologous group of beagle dogs, the composition of the jejunal flora was unique for every individual and changed over time, being fairly simple with only a few bacterial species at a time with vastly fluctuating counts. This is opposite from findings for the colon, since the fecal microbiota was more similar between the dogs and the major bacterial groups remained relatively constant over time.
The simultaneous processing of the samples from each subject was performed in parallel to make the comparison between the two sample types and consecutive samples as feasible as possible. The validity of the culture was monitored by plating an extensive series of dilutions together with the undiluted sample. Often the view on the plates of the parallel jejunal and fecal samples seemed fairly similar, although at different dilution levels and with fewer colony morphotypes; real differences could only be detected after careful analysis of the plates or further identification of the isolates. The selection criterion for picking isolates was due to differing morphologies of the colonies present, not the assumed relative importance of a finding or the proportion of the isolate on the agar.
Marteau et al. (20) reported facultative bacteria, including the lactobacillus-enterococcus group and E. coli species, to be part of the dominant flora in the human cecum and present in almost equal quantities as in feces, while obligate anaerobes were significantly more numerous in feces. Though with lower counts and fewer E. coli, we found a similar difference in the ratio of aerobes to anaerobes between the jejunum and feces. In contrast to the recent studies of beagle dogs (4) and labrador dogs (10) , where no bifidobacteria but numerous Lactobacillus organisms were reported, we found bifidobacteria in 64% but lactobacilli only in 32% of the dogs. There are reports of C. difficile findings in healthy puppies and adult dogs (5, 19) , whereas Struble et al. (30) and we failed to isolate C. difficile in dogs without diarrhea. Instead, we isolated unidentified clostridia resembling C. difficile (C. hiranonis-like organisms), which were dominant in the fecal clostridial populations. It is possible that previously reported nontoxigenic C. difficile findings with selective agar have included unclassified clostridia similar to those found in the present study. Unlike in feces, B. fragilis is the most frequent isolate of the B. fragilis group from gut mucosal surfaces (23) . Accordingly, we found it dominant in the small intestine but not in feces. Yeasts were isolated more often from the jejunum than feces (27% versus 5%). There are contradictory opinions on the role of yeasts in the gut. Yeasts may have a reservoir in the upper gut, as part of the normal microbiota, but act as opportunistic pathogens under favorable conditions. There is no agreement on whether yeasts are enriched in the colon only when other species are suppressed and whether high counts are a result from rather than a cause of intestinal disturbance (1, 3, 17) . In comparison to the human fecal studies using 16 rRNA hybridization with slightly varying sets of group-specific probes (8, 27, 21), we found a significantly lower proportion of Bacteroides spp. (20 to 39% versus 0.3%, respectively) in canine feces by culture and a comparable proportion of bifidobacteria (1 to 7.3% versus 3.6%) and enterobacteria (1% versus 1%). Further, compared to findings for the Clostridium coccoides phylogenetic group, we found a significantly higher proportion of anaerobic gram-positive cocci combined with clostridia (16 to 29% versus 67%) and, compared to the low-GϩC-content group, a slightly higher proportion of streptococci (1 to 12% versus 19%). Notably, the variations between individuals were vast, partly due to the methodological features of culture and to normal microbial fluctuation above and under the detection limit. Although a substantial part of the large bacterial community of the gut is not detectable by culture (31, 35) , each technique, including molecular biological procedures (34) and the community cellular fatty acid analysis (25) , has inherent limitations. Selective culture media promote recovery and presumptive identification to genus level, but the identification needs to be confirmed by other methods. In the present study, a wide array of microbes was covered with different levels of identification. All isolates were identified to the genus/group level, and selected bacteria were identified further (coliforms, Bacteroides spp., and C. difficile candidates). All individual identification results were not reported because of the large amount of scattered data, i.e., the findings that were relatively rare (e.g., Prevotella and Porhyromonas) or too laborious to identify further (e.g., Eubacterium-like organisms and grampositive aerobic rods) were collected in groups. This limited repertoire of the species level identification, combined with the genus/group level identification, was able to detect differences between the sample types, which was the main objective of the study.
The ileum has been thought to be the transition zone for increasing bacterial counts (10 5 to 10 9 ), moving toward the colon (26) ; however, in the present study we detected bacterial growth of 10 6 CFU/g, including coliforms and anaerobes, already in the jejunum of some healthy beagles. The count crossed the level regarded as the limit for small-intestinal overgrowth (6, 29) . The permanent jejunal fistula allowed postfeeding sampling and may therefore have provided exceptionally productive samples, yielding high bacterial counts. The observation suggests that the current limit may be underestimated and questions the feasibility of such a definitive limit. It remains to be confirmed whether the limit for small-intestinal overgrowth is arguable for humans as well. Small-intestinal overgrowth can be found in subjects with no predisposing conditions, and bacterial concentrations may be similar in jejunal biopsies of healthy human volunteers and patients with gastrointestinal symptoms (6, 29, 32) . Speculation on overgrowth of small-intestinal microbes leading to opportunistic infections should be reported with caution, and the early steps in infections may not be explained solely by microbial growth exceeding 10 5 CFU/g.
In conclusion, the jejunal microbiota was found to be distinctive in species distribution, proportions of main bacterial groups, and variability, representing both qualitative and quantitative differences in the corresponding fecal samples. The present analysis was performed at a more detailed level than in previous studies in human subjects that described the features of the microbiota in the different parts of the upper gut (2, 9, 16, 20) . In addition to the effects brought by differences in distribution of dominant species, the metabolic activities and microbial effects of the highly adaptive microbiota can vary in different niches of the body. A better conception of the local microbiota gives an insight to host-microbe interactions in the different parts of the gut. A limited species composition and thus possibly pronounced effects of single species, like clostridia or staphylococci, should not be overlooked, since specific microbial features of different niches may have clinical relevance in various disorders and diseases of the gastrointestinal tract.
